Purpose: Surface electronic brachytherapy (EBT) is an alternative radiotherapy solution to external beam electron radiotherapy and high-dose-rate radionuclide-based brachytherapy. In fact, it is also an alternative solution to surgery for a subgroup of patients. The objective of this work is to confirm the clinical efficacy, toxicity and cosmesis of a new EBT system, namely Esteya ® in the treatment of nodular and superficial basal cell carcinoma (BCC).
Purpose
Basal cell carcinoma (BCC) is the most common skin cancer, accounting for approximately 75% of all skin cancers. It is also the most common subtype of non-melanoma skin cancer (NMSC), representing 80-90% of the total [1] . Its incidence is increasing due to an aging general population as well as increased exposure to ultraviolet radiation, resulting in a great care burden and therefore a high healthcare spend [2] .
The therapeutic management is based on the application of invasive therapies (conventional surgery or Mohs surgery) or noninvasive therapies (cryotherapy, curettage and electrodessication, topical imiquimod, photodynamic therapy, and radiation). These modalities are associated with different response rates, complications, and cosmetic results. The choice of treatment mainly depends on the histologic subtype, location, and patient comorbidities. Surgery is the first choice because of the often simple procedure and high efficacy [3] . However, despite the high incidence of BCC, very few randomized studies have been undertaken to compare treatment modalities. In a meta-analysis of the Cochrane Library, published in 2007, a total of 27 studies were collected, and the authors concluded that surgery and radiation therapy (RT) are the treatments with the lowest rates of recurrence [3] .
There are several RT techniques for treating BCC. In external beam electron RT an electron beam produced with a linear accelerator is emitted towards the patient surface. This usually requires a specific dosimetry and bolus, i.e., a water equivalent material placed at the patient surface with two purposes: 1) to reduce the therapeutic depth and also the total electron range, and 2) to raise the full dose on the skin because the small skin underdose in electron low energies. This makes the use of electrons more difficult in clinical practice than other RT options. An alternative option is radionuclide based high-doserate (HDR) brachytherapy (BT). It uses an 192 Ir HDR radioactive source placed near the lesion, which emits radiation. It can be performed with moulds and flaps or with dedicated skin applicators. Brachytherapy with skin applicators is an efficient solution for superficial RT of small lesions, providing a higher shielding to the surrounding healthy tissues when compared to moulds and flaps [4] .
High-dose-rate surface electronic brachytherapy (EBT) is an alternative solution to external beam electron RT and HDR radionuclide-based BT. This EBT solution uses X-ray generators with specific applicators that collimate the beam and that are placed in contact with the patient surface. Currently, there are three EBT systems for treatment of surface lesions: the 50 kVp Xoft Axxent ® (iCad, San Jose, CA, USA) with 1, 2, 3.5, and 5 cm diameter applicators [5, 6] , the 50 kVp Zeiss INTRABEAM ® (Carl Zeiss Surgical Gmbh, Oberkochen, Germany), with 1 cm to 6 cm diameter applicators [7, 8] , and the most recent 69.5 kVp Esteya ® (Elekta Brachytherapy, Veenendaal, The Netherlands), provided with 1 cm to 3 cm diameter applicators [9] .
The main objective of this work is to confirm the clinical efficacy of EBT with the Esteya ® system in the treatment of nodular and superficial BCC. The specific objectives are: 1) to determine the toxicity by CTCAE scale and 2) to evaluate the cosmetic results by RTOG-EORTC scale. This is the first phase of a study that will be completed after 2 years follow-up.
Material and methods

Description of the X-ray source and surface applicators
The EBT system used in this study was Esteya ® , with a 69.5 kV X-ray source and an aluminum flattening filter that produces a homogenous beam at the patient's skin surface [10, 11] . Esteya ® comes with a set of applicators that are able to generate circular radiation fields of different diameters: 10 mm, 15 mm, 20 mm, 25 mm, and 30 mm. Each surface applicator has a plastic cap designed to maintain constant source to surface distance (SSD). With the applicator in place, the nominal SSD is 6 cm. The source is connected, controlled, and powered by a controller, which supplies a high voltage and filament current. The default current is 1.6 mA, which is automatically set to 1.0 mA for treatment fractions smaller than 4 Gy, and to 0.5 mA for prescription doses below 2 Gy. The fraction duration is therefore kept relatively constant, between 2 and 3 minutes for commonly used fraction sizes, and is independent of the prescribed dose. The patient's treatment plan is controlled through a specific software that only requires information about prescription dose, number of fractions, prescription depth, and applicator size. With these data, the system automatically computes the treatment time.
Study design
This is a prospective, single-center, non-randomized, pilot study to assess the efficacy and safety of EBT in superficial and nodular BCC treatment using Esteya ® surface applicators. Only BCC was included in this study due to its high frequency and its biological behavior with local invasion and low metastatic capacity. The study was conducted from June 2014 to February 2015. It was approved by the ethics committee of clinical research of La Fe Hospital. All patients or legal guardians signed a written informed consent.
Methodology
Stage T1 or T2 (according to AJCC 2010) [12] superficial or nodular BCCs, confirmed by punch biopsy, were included. Due to the applicator design, the maximum diameter of the lesion should have been 20 mm. The maximum depth of lesion included in this study was 4 mm, measured by biopsy and ultrasonography. Lesions can be treated at any skin surface, except irregular or not flat surfaces. The step by step procedure is described in a previous work [9] .
Patient demographics and lesion characteristics were recorded. Fitzpatrick scale was used to classify patients by phototype: 1) always burns, never tans; 2) usually burns, tans minimally; 3) sometimes mild burn, tans uniformly; 4) rarely burns, always tans well; 5) very rarely burns, tans very easily; 6) never burns, tans very easily.
Treatment
The gross tumor volume (GTV) was assessed clinically with the aid of a dermoscope [13] . A radial margin of 5 mm was added to establish the clinical target volume (CTV) and the minimum applicator that covered the whole CTV was selected (10, 15, 20, 25 or 30 mm). A specific applicator template named templates La Fe [9] was used in order to delineate a mark on the skin to fit the external diameter of the selected applicator ( Fig. 1) . Tumor depth was assessed by high frequency ultrasonography (HFUS) and histopathology. A minimum depth of 3 mm by convention was used for lesions having a depth of 3 mm or less, and for deeper lesions the specific lesion depth was used for prescription, with a maximum of 5 mm [14] . After attaching the selected applicator to the machine, it was centered on the lesion using the mark made, and positioned in full contact with the lesion. The Esteya ® arm has several degrees of freedom in order to place the applicator (Fig. 2) .
The prescription dose was 42 Gy, divided in 6 fractions of 7 Gy, delivered twice weekly with at least 48 hours between each fraction, according to the experience of Tormo et al. with the Valencia applicator [15] . Treatment times were calculated automatically by the application console, once the applicator size, dose, and depth were introduced and verified by the operator [11] . Treatment duration was less than 3 minutes in all cases.
Follow up and evaluation
After treatment, patients were instructed to avoid sun exposure and to apply a sunscreen if sun exposure was unavoidable. If lesions became ulcerated during treatment, a petrolatum ointment was applied as needed. Patients were seen for follow up at 2 and 6 weeks after treatment in order to assess cutaneous toxicity, and at 3 and 6 months to evaluate efficacy and cosmesis. Clinical and dermoscopic photographs were taken at each visit. Additional follow up visits are planned at one and two years after treatment.
CTCAE v4.0 (Common Terminology Criteria for Adverse Events) toxicity scales were used to assess acute toxicity and RTOG-EORTC scales related to brachytherapy were used to assess late toxicity related to cosmesis (Tables 1 and 2 ).
Statistics
Data are reported as mean ± standard deviation. Categorical variables are presented as proportions. Differences between groups were determined using the Fisher exact test (due to the presence of a percent < 5% in one group). Finally, stepwise multivariate logistic regression model was used to identify all independent predictors of toxicity. Statistical analysis was performed with SPSS Statistics 18 ® (SPSS Inc, Chicago, USA) program. We considered p values < 0.05 significant.
Results
Patient demographics
Twenty patients with 23 lesions were included in this study. Baseline characteristics of patients and lesions are summarized in Table 3 . The mean age was 79 years (range 64-91), with a male predominance. All patients had one or more comorbidities. More than a quarter of patients had heart disease and/or were undergoing treatment with antiplatelets or anticoagulants. All patient were Caucasian and most of them were phototype III. 
Lesion characteristics
The most common location was head and neck (70%). The maximum diameter of lesions ranged from 8 to 20 mm (average 11.9 mm). Most of the lesions had a diameter between 8 and 15 mm. The size of applicators most frequently used were 20 mm (48%) and 25 mm (44%). Nodular type BCC was predominant (61%), 30% of cases were pigmented and only 4% were ulcerated. All tumors were stage T1 according to AJCC 2010. Mean tumor thickness was 1.57 mm measured by histopathology (range 0.25-2.9) and 1.90 mm measured by ultrasonography (range 0.5-3.7). The depth prescription was 3 mm in 87% of lesions and 4 mm in the other cases, as justified in Ballester et al. [13] . The treatment time per fraction ranged from 2.56 min (2'33") to 2.83 min (2'50"), with a mean value of 2.62 min (2'37").
Efficacy
A complete response was documented for all lesions (100%). We took clinical and dermoscopic photographs at 2 weeks, 6 weeks, 3 months, and 6 months after treatment (see Figs. 3 and 4) . A punch biopsy was planned at 6 months if there was suspicion of residual disease, but this has not occurred. Minimum follow-up was 6 months.
Toxicity
Toxicity observed during treatment started after the 4 th fraction and was most severe between 2 and 6 weeks after treatment. Toxicity was assessed using the CTCAE (Common Terminology Criteria for Adverse Events) scale (Table 1 ). G1 or G2 toxicity was observed in all cases. Erythema was the most frequent adverse event (100%). Ulceration and crusting appeared most frequently in nodular cases, in trunk, and extremities. A significantly higher incidence of ulceration in trunk and extremities cases compared with head and neck cases was found (100% vs. 44.4 ± 0.2%, p = 0.003). In the regression model, we introduced the following variables: age, antithrombotic treatment, Breslow (mm), depth prescription, tumor diameter, and tumor location. The only independent predictor of toxicity was a trunk and extremities tumor location (OR = 9.77, CI 95%: 5.02-15.21, p = 0.003). We did not find a statistically significant relationship between toxicity and other parameters.
No other adverse events were reported.
Cosmetic results
Cosmesis is related to long-term toxicity. It was measured with the brachytherapy related RTOG-EORTC scale (Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer) ( Table 2 ). The potential adverse events with RT are: radiodermitis, itching, pain, ulceration, alopecia, hyperpigmentation, hypopigmentation, telangiectasia, skin atrophy, and induration. We observed only pigmentation changes (central hypopigmentation with peripheral hyperpigmentation) and alopecia. Sixty-one percent of the lesions showed no skin alteration (G0). The remainder showed subtle changes (G1). When comparing the cosmetic events in head and neck cases with trunk and extremities cases, we found a significantly lower percentage of cosmetic events in the head and neck cases (37.5 ± 0.12% vs. 100%, p = 0.007). Finally, incidence of pigmentation changes in each phototype group was studied. A higher incidence of pigmentation change was found in the phototype III group (42.9 ± 0.13% vs. 11.1 ± 0.1% in the phototype II group, p = 0.062).
Discussion
This is the first study performed with the new electronic brachytherapy system Esteya ® , applying the fractionation protocol successfully used with the radionuclide based Valencia applicator [15] . The potential radiobiological correction due to the lower energy has not been taken into account and the same physical dose has been applied. Several studies have evaluated the effectiveness of RT in the treatment of BCC. Most are retrospective and use highly variable radiation doses. Cho et al. [16] recently reviewed all published studies on the use of RT in BCC and identified 11 studies with response rates of 79.2% to 100%, and cure rates at 5 years of 79.2 to 95.8 % (evaluated in 4 studies). Currently, there are only two randomized studies evaluating the efficacy of RT in BCC. Hall et al. [17] compared the efficacy of RT and cryotherapy in a series of 93 patients and identified a higher recurrence rate in the group treated with cryotherapy (39%) compared to the radiotherapy group (4%), without identifying significant differences in cosmetic results. Avril et al. [18] treated 347 BCCs located on the face with either radiotherapy or surgery, and followed patients for 41 months. Only one patient in the surgery group presented with a tumor recurrence compared with 11 patients in the radiotherapy group. Based on these results, they concluded that surgery should be a first line treatment.
It is important to note that patients referred to RT often have unresectable tumors or contraindications for surgery due to advanced age or comorbidities. This may induce a bias in interpreting the results and comparing them with other therapeutic procedures. Some authors have suggested that RT could be an effective therapeutic alternative for patients with limited life expectancy, where one can get good rates of tumor control and a good cosmetic result. Nguyen et al. [19] conducted a retrospective study that included 15 patients with a mean age of 81 years, who underwent treatment with RT at doses between 45 Gy and 72.5 Gy. After a mean follow-up of 34 months, no loco-regional recurrences were observed, with a complete response being reached in all patients and a very good cosmetic result.
Electronic brachytherapy is a type of contact radiotherapy, developed in recent years, that uses low energy X-ray sources in order to direct the radiation dose to the size and shape of the tumor, while preserving the surrounding healthy tissues. Only one study has been reported to date [20] , describing the results obtained by applying a total dose of 40 Gy (8 fractions of 5 Gy) in 171 NMSCs, delivered with the EBT source of 50 kV. In this series, complete responses were obtained in 100% of the treated lesions, with no recurrences after a year of monitoring and good cosmetic results. It should be noted that one year follow up data was only available for a subset (42) of the patients treated. Our study shows that electronic brachytherapy for superficial and nodular BCCs is effective, safe, and comfortable for the patients and is associated with very good cosmesis. We found a significantly higher incidence of ulceration in trunk and extremities cases, compared with head and neck cases. When comparing the cosmetic events in head and neck cases with trunk and extremities cases, we found a significantly lower percentage of cosmetic events in the head and neck cases. We also found a relation between pigmentation changes and phototype, with a higher incidence of pigmentation changes in higher skin phototypes.
Tumor local control with radiotherapy depends heavily on a correct definition of margins and tumor volume in the treatment planning process. It is important to note that very narrow margins can result in inadequate coverage of the tumor to be treated, whilst margins, which are too large may increase the amount of irradiated healthy tissue. For a correct definition of margins it is necessary to define the GTV (gross tumor volume), CTV (clinical target volume), and PTV (planning target volume). Most studies determine the GTV by a delimitation of the clinically visible tumor and then adding a 5-10 mm margin to delimit the CTV, which represents microscopic tumor extension [21] . Dermoscopy is a simple, quick, and non-invasive technique that has been shown to increase the diagnostic accuracy in skin tumors. Several studies have demonstrated the usefulness of dermoscopy in the pre-surgical division of BCC, achieving a higher rate of complete tumor resections, and better sparing of peritumoral healthy tissue [22, 23] . In this way and in our opinion, the use of dermoscopy is of great value for the delimitation or BCC prior to radiotherapy [13] .
Another aspect to consider before starting RT is tumor depth determination since this determines the prescription dose. The gold standard for determining the depth is the incisional biopsy, however, it has the disadvantage that it only allows analysis of a small portion of tumor tissue. The recent development of high frequency ultrasound for skin (HFUS) allows visualization of the different skin layers. Several published studies compare the findings obtained by ultrasonography and histology, and identify high rates of concordance between both techniques [1] . By contrast, other studies have found lower rates of concordance [14, 24] . Therefore, even though the ultrasound does not replace histology, it could represent a useful tool for estimating tumor size, margin delineation before treatment, establishment of a therapeutic plan, identification of high-risk lesions, and follow up [25] .
We do realize that our study has limitations: firstly, only a limited number of patients have been included. Secondly, as it was a phase II study to assess safety and efficacy, we did not compare the technique with other treatments. Finally, at present, the short follow up is insufficient to assess efficacy. However, our results are in line with previous publications on efficacy and safety of radiation therapy in the treatment of non-melanoma skin cancer patients. We will continue to follow the patients for at least 2 years and monitor for long term cosmesis and recurrences. Although this is the first part of a 2-year follow up study, we believe that these early results could be of interest to the new users in the implementation of this EBT system. Electronic brachytherapy has several advantages compared with surgery and with other RT modalities. Electronic brachytherapy is comfortable for the patients because it is quick (less than 3 minutes) and painless. Fractionation twice weekly during three weeks allows the patient to be treated in a short time, in a comfortable schedule for elderly patients. The use of an electronic source avoids the storage requirements associated with radioisotopes and makes the treatment safer for patients and practitioners. Compared to the Valencia applicator, Esteya ® provides better penumbra, very small leakage, less shielding requirements, and significantly shorter treatment time [10] .
Esteya ® is a good choice for elderly patients, patients with contraindications for surgery due to comorbidities or anticoagulant drugs or patients where surgery would result in a more disfiguring outcome.
Conclusions
For nodular and superficial BCC, EBT with Esteya ® is an effective, simple, safe, and comfortable treatment associated with excellent cosmesis. It is a good treatment alternative for elderly patients, patients who do not want surgery, patients with multiple cancerous lesions, patients with contraindications for surgery (due to comorbidities or anticoagulant drugs) or patients where surgery would result in a more disfiguring outcome. A longer follow-up and more studies are needed to confirm these preliminary results. In this initial phase, it has been shown that a well proven hypofractionation regimen with the Valencia applicators can be applied successfully with the Esteya ® EBT.
